Abstract -Rhesus monkeys (Macaca mulatta) and capuchin monkeys (Cebus apella) performed a computerized inhibitory control task modeled after an "escalating interest task" from a recent human study (Young, Webb, & Jacobs, 2011) . In the original study, which utilized a first-person shooter game, human participants learned to inhibit firing their simulated weapon long enough for the weapon's damage potential to grow in effectiveness (up to 10 seconds in duration). In the present study, monkeys earned food pellets for eliminating arrays of target objects using a digital eraser. We assessed whether monkeys could suppress trial-initiating joystick movements long enough for the eraser to grow in size and speed, thereby making their eventual responses more effective. Monkeys of both species learned to inhibit moving the eraser for as long as 10 seconds, and they allowed the eraser to grow larger for successively larger target arrays. This study demonstrates an interesting parallel in behavioral inhibition between human and nonhuman participants and provides a method for future comparative testing of human and nonhuman test groups.
Inhibitory control, which consists of the suppression of an emotion, thought, or behavior, can take many forms and can appear in many contexts (Stahl et al., 2013) . For example, one can inhibit daydreaming during an important meeting, suppress unkind remarks aimed at one's peers, and forego impulsive responses to unhealthy foods. Humans inhibit such things in the interest of avoiding guilt, having appropriate social interactions, ensuring health, and other long-term goals. Several different methods have been devised to test inhibition in the laboratory including (but not limited to) delaydiscounting (or inter-temporal choice) tasks (Berns, Laibson, & Loewenstein, 2007) , delay of gratification tasks (Mischel, Shoda, & Rodriguez, 1989) , stop-signal tasks (Lipszyc & Schachar, 2010) , and setshifting tasks (Roberts, Tchanturia, Stahl, Southgate, & Treasure, 2007) .
A recent study provided a novel approach to assessing human participants' capacity for inhibitory control in what was called a computerized "escalating interest task" (Young, Webb, & Jacobs, 2011) . The task utilized a first-person shooter game in which the goal was to eliminate as many virtual enemies as possible using a simulated weapon. Interestingly, the weapon's damage potential was variable and steadily increased in its effectiveness from a minimal level to a maximal level over a 10 second interval. Participants became sensitive to this pattern and learned to overcome the initial inclination to fire any time an enemy was visible, and instead, maximized their performance by delaying their weapon usage and thereby allowing for near-maximum damage with each use. Young et al. (2011) developed this test (at least in part) to have a method that was more comparable to the tests used most often to assess nonhuman animal (hereafter, animal) inhibitory control, namely, delay discounting and delay of gratification tasks (Beran, 2002; Dufour, Pelé, Sterck, & Thierry, 2007; Tobin, Chelonis, & Logue, 1993) . Delay discounting tasks involve instantaneous choices between a lesser, more immediate, reward and a greater, more delayed, reward (Berns et al., 2007) , whereas delay of gratification tasks involve waiting for as long as possible to take a reward that is present so that one can instead obtain a greater reward (Mischel et al., 1989) . The animal versions of these tests often operate on shorter temporal scales (typically in the range of seconds, and occasionally minutes) compared to similar tests presented to human participants, which can involve hypothetical delays of much longer time periods (e.g., multiple days). Young et al.'s (2011) escalating interest task consisted of multiple, relatively quick (10 seconds or less) inhibition trials as in the traditional operant delay discounting tasks often presented to laboratory animals (Ainslie, 1974; Logue, 1988) . However, it also presented a 'reward' value (i.e., damage potential) that increased across each trial, similar to how rewards sometimes accumulate in versions of the delay of gratification task presented to animals (Anderson, Kuroshima, & Fujita, 2010; Beran, 2002; Evans, 2007; Pele, Micheletta, Uhlrich, Thierry, & Dufour, 2011) .
To further bridge the gap between human and nonhuman tests of inhibitory control, and to adapt a test now used with humans (Young et al., 2011) so that it could be used with nonhuman animals, we designed a game-like escalating interest task to test computer-trained rhesus monkeys (Macaca mulatta) and capuchin monkeys (Cebus apella). In this task, the goal was to use a joystick-controlled digital eraser (pink rectangle) to eliminate all visible targets (small square stimuli) on the computer screen in order to receive a food reward. As in the original shooter game, the eraser's "damage potential" increased over time -the longer the monkey waited to initially move the joystick that controlled the eraser, the larger and faster (and therefore more effective) the eraser grew. Our question was whether the monkeys, like previously tested humans, would learn to overcome the urge to move the eraser right away to get started on the task, and instead allow it to grow to an ideal size given a particular array size.
These two species have both exhibited success when tested independently in other types of inhibitory control tasks (e.g., Addessi, Paglieri,& Focaroli, 2011; Amici, Aureli, & Call, 2008; Anderson & Woolverton, 2003; Evans, 2007; Evans & Westergaard, 2006; Freeman, Green, Myerson, & Woolverton, 2009; Freeman, Nonnemacher, Green, Myerson, & Woolverton, 2012; Pele et al., 2011; Szalda-Petree, Craft, Martin, & Deditius-Island, 2004) , despite notable differences in natural history and behavioral tendencies (for more information on these characteristics, see Fooden, 2000; Fragaszy, Visalberghi, & Fedigan, 2004; Parker & Gibson, 1977; Richard, Goldstein, & Dewar, 1989) . However, these two species have never, to our knowledge, been directly compared in an inhibitory control task, and they have seldom been compared across studies that used similar methodology. In a rare example, monkeys of both species were tested for the capacity to delay eating, as long as possible, an accumulation of preferred food items as additional items were added to the accumulation, one by one (Evans & Beran, 2007; Evans, Beran, Paglieri, & Addessi, 2012) . Although somewhat different task parameters were used to test each species, their performance overlapped considerably, and in the first experiment of each study, each species' delay of gratification performance ranged from 3 to 30 seconds. Therefore, in the current study, we hypothesized that monkeys of both species would similarly learn to inhibit immediate use of the eraser in order to produce more effective responses in the task. We also hypothesized that the degree to which they inhibited would depend on the relative need for a larger/faster eraser.
Method Participants
We tested eight rhesus monkeys, all of which were males (Chewie: age 13; Gale: age 29; Han: age 10; Hank: age 29; Lou: age 19; Luke: age 13; Murph: age 19; and Obi: age 9). Rhesus monkeys were housed individually, but had constant visual and auditory access to other nearby monkeys, in addition to a 24-hour period with direct access to a compatible social partner once per week. We also tested nine capuchin monkeys including five males (Drella: age 22; Griffin: age 15; Liam: age 9; Logan: age 7; and Nkima: age 5) and four females (Gambit: age 16; Lily: age 15; Nala: age 10; and Wren: age 10). Capuchin monkeys were group housed but voluntarily shifted into individual 33 x 46 x 61 cm enclosures for testing. All monkeys had 24-hour access to water and were fed manufactured chow following test sessions, as well as various fruits and vegetables between 1600 and 1800 hours. Most monkeys had participated in at least one prior study of self-control behavior involving a manual or computerized test apparatus (Bramlett, Perdue, Evans, & Beran, 2012; Evans, 2007; Evans & Beran, 2007; Paglieri et al., 2013) , but no monkey had participated in a behavioral inhibition task of this kind prior to this experiment.
Materials
The monkeys were tested using the Language Research Center's Computerized Test System (LRC-CTS) comprising a personal computer, digital joystick, color monitor, and pellet dispenser (Evans, Beran, Chan, Klein, & Menzel, 2008; Richardson, Washburn, Hopkins, Savage-Rumbaugh, & Rumbaugh, 1990) . Monkeys manipulated the joystick with their hands to produce isomorphic movements of a small cursor on the computer screen. Contacting stimuli with the cursor sometimes resulted in the delivery of different amounts of 45-mg (capuchins) or 94-mg (rhesus) banana-flavored chow pellets (Bio-Serv, Frenchtown, NJ) via a pellet dispenser interfaced to the computer through a digital I/O board (PDISO8A; Keithley Instruments, Cleveland, OH). The task program was written in source code using Visual Basic 6.0. All monkeys had participated previously in multiple psychological experiments involving this computerized test system (e.g., Beran & Smith, 2011; Beran, Harris, et al., 2008; , Beran, Smith, Coutinho, Couchman, & Boomer, 2009 Klein, Evans, & Beran, 2011) .
Procedure
General procedure. All trials began with a start screen consisting of a gray background surrounding a centrally-positioned start stimulus (violet rectangle) and a cursor (small red circle) positioned between the start stimulus and the bottom screen edge. Contacting the start-stimulus with the cursor began a 3-minute trial. In these trials, a digital eraser (pink rectangle) took the place of the cursor, and the monkeys could use the eraser to eliminate an array of target stimuli presented in a square arrangement of small black squares in order to receive a food reward. As the monkeys moved the eraser into contact with the target array by manipulating the joystick, individual target stimuli disappeared once the eraser fully covered them. The erasure of the last target stimulus was followed by the automatic delivery of food pellets and then a 1-second inter-trial interval before the program reset to the start screen for the next trial. Thus, the quicker a monkey erased all of the target stimuli, the quicker they would receive their food rewards. Monkeys had a maximum duration of 3 minutes to complete each trial and earn their reward, and the task required a minimum of 10 to 55 seconds to complete (assuming perfect erasing, and depending on the task parameters -see below for more details). After 3 minutes, any ongoing trial activity was cancelled and the start screen for the next trial appeared. Trials were presented in 4-to 8-hour sessions with an open-ended trial count, during which the monkeys chose when to work and when to rest.
Training. The training phase provided monkeys with experience erasing multiple target array sizes with multiple eraser sizes. This phase was conducted so that any observed differences in performance across these levels, when presented to monkeys in the testing phases, would not be confounded by differential experience with certain levels of the task. In this phase, the target array could consist of 4, 16, 36, 64, or 100 stimuli, each measuring approximately 3 x 3 mm, and all equally spaced within an arrangement measuring 12 x 12 mm, 33 x 33 mm, 53 x 53 mm, 71 x 71 mm, or 92 x 92 mm, respectively (Figure 1 ). Successfully erasing these target arrays earned the monkeys 1, 1, 2, 2, or 3 pellets, respectively. Once the eraser trial was initiated, the eraser appeared at its smallest size -8 x 8 mm, and either stayed at that size or began to grow to one of two larger sizes -25 x 25 mm or 44 x 44 mm ( Figure  1 ). In the training phase, the height and width of the eraser each grew at a constant rate of 7.2 mm/s for a maximum of 5 seconds. During this growth period, manipulating the joystick did not influence the growth or position of the eraser. However, once the eraser reached its final size, it remained that size for the remainder of the trial, and the monkey could then control the movement of the eraser by manipulating the joystick. Each of these different sized erasers moved at a different speed between 4 and 20 mm/s; the larger the eraser was, the faster it moved (see Table 1 ). Monkeys were presented with these different task parameters in order of increasing task difficulty. They began with the smallest target array size and continued with this size until they completed 10 trials with each eraser size (beginning with the largest and ending with the smallest). They then progressed through the second smallest array size in the same manner, and this progression pattern continued until they reached the training criterion by erasing all five target array sizes using each of the three eraser sizes. Figure 1 . The eraser and target array sizes presented throughout the experiment. The size of the eraser was always 8 x 8 mm (A) at the start of a trial, and could grow to a maximum size of either 25 x 25 mm (B) or 44 x 44 mm (C), depending on the experimental phase and how long a monkey waited to begin its response. In all phases, the target array could be presented in 1 of 5 sizes (D). Here, each array size is represented by a dashed square surrounding a selection of target stimuli (only the target stimuli, and not the dashed squares, were visible during actual trials). Testing. The testing phases added a critical element to the computerized task -the ability of the monkeys to interrupt the growth of the eraser before it reached its final size. In these trials, once the monkeys contacted the start stimulus, the eraser would first appear at the smallest size (8 x 8 mm) and then grow continually, simultaneously in length in width, to the maximum size (44 x 44 mm) as long as the monkeys did not attempt to move it on the screen. Once the monkeys manipulated the joystick and moved the eraser in any direction, it would stop growing and remain at its current size for the remainder of the trial. Thus, there always was a trade-off between how soon a monkey could begin erasing targets and the size/speed of the eraser they could use.
A) B) C) D)
The growth rate, and thus, the duration of time required for the eraser to reach the maximum size, depended on the test phase. In Phase 1, the eraser grew in both height and width at a constant rate of 7.2 mm/s (as in the training phase), and 5.1 seconds (with no joystick movement) were required to reach the maximum size. In Phase 2, the eraser grew in both height and width at a constant rate of 3.6 mm/s, and 10.2 seconds were required to reach maximum size. The speed of the eraser also differed between the two phases (see Table 1 for more details). In Phase 1, the eraser speed ranged from 3 to 15 mm/s, whereas in Phase 2, the eraser speed ranged from 2 to 15 mm/s (this difference existed to ensure that waiting to move the eraser resulted in a shorter overall trial duration when faced with larger array sizes, even when the eraser took longer to grow to full size). Also, the task was designed so that, regardless of test phase, the larger the size of the target array, the greater the benefit a larger/faster eraser would provide in terms of response time required to complete a trial and earn a food reward. In Phase 1, the time savings (calculated by combining growth time with response time, assuming perfect erasing) gained by allowing the eraser to grow to full size ranged from -2.5 seconds to 29.5 seconds (see Table 2 for more details). In Phase 2, the time savings ranged from -5.5 to 34.5 seconds (Table 2) . Thus, in each phase, it was actually costly (in terms of trial time) to allow the eraser to grow to full size when faced with the smallest array size, but it was successively more beneficial to allow the eraser to grow to full size for each of the successively larger array sizes.
Other than differences in eraser growth rate and eraser speed, test sessions of each phase were identical. Test sessions in both phases consisted of a mix of two trial types -true test trials in which the eraser could grow, as described above, and forced trials, in which the eraser began at one of three training sizes and remained that size throughout the trial. In test trials, the computer program randomly drew from a set of five possible trials types, each presenting one of the target array sizes from the training phase (4, 16, 36, 64, or 100 stimuli). In forced trials, the array always contained 36 stimuli (the middle size), and the program randomly drew from the three eraser sizes from the training phase (8 x 8, 25 x 25, or 44 x 44 mm). Sessions were divided into multiple blocks of 18 trials in which the first three trials of each block were forced trials (one trial with each fixed eraser size) and the remaining 15 trials of each block were test trials (three trials with each target array size, presented in random order). The completion of one block was automatically followed by the presentation of another, and monkeys could participate in as many blocks in a session as they chose. Monkeys completed a minimum of 1,000 trials in each test phase, and because the trial-count of a session was open ended, monkeys often completed the 1,000 th trial in the middle of a session, and then completed additional trials before the end of the session. All completed test trials were included in data analyses. 
Analysis
In each testing phase, the computer program automatically recorded the duration of time that a monkey allowed the eraser to grow before moving it (growth time), the final size of the eraser (height or width, e.g., 8 mm) once it had been moved (eraser size), the duration of time required for the monkey to completely erase the target array (response time), and the total duration of the trial from the initial contact with the start-stimulus until the food pellets were delivered (trial time). From these data, we calculated each monkey's mean eraser size (as a metric of inhibition) and assessed whether this differed between species and/or fluctuated as a function of the number of targets in the array. We did not expect a difference between species given their similar performance in previous studies. To assess this, we conducted a Mann-Whitney U test between species for each array size of each test phase. We used the Bonferroni correction to control the familywise error rate by utilizing an alpha level of 0.01 instead of 0.05 in each of these two sets of five analyses conducted on the same group of individuals. Unlike our prediction with regard to species, we did expect eraser size to differ as a function of array size. More specifically, we expected monkeys to allow the eraser to grow successively larger before erasing successively larger arrays, given that there was successively greater benefit (savings in response time) to doing so for larger arrays. To analyze this, we conducted a separate Friedman test, across the five array sizes, for each species in each test phase. We did not correct for familywise error here, since the four tests were conducted on separate species or in separate experiments and thus could be treated independently.
We also calculated, for each monkey, the correlation coefficient (r) describing the relationship between eraser size and trial time, as a function of the number of targets in the array. This dependent measure represented the relative effectiveness of the response with respect to how long the monkeys let the eraser grow before they used it. As mentioned above, the task was designed so that there was added benefit, in terms of savings in response time (i.e., effectiveness), to allowing the eraser to grow for larger array sizes. To confirm that monkeys took advantage of this built-in benefit, we compared our measure of effectiveness (the relationship between eraser size and trial time) between species, and more importantly, target array size, using Mann-Whitney U tests (with a Bonferroni correction for familywise error rate) and Friedman tests, respectively (as described above).
Results
In testing Phase 1, monkeys' ability or willingness to inhibit using the eraser, thereby allowing it to grow in size and speed, varied considerably across the five different array sizes (Figure 2A) . Each species exhibited a significant difference in eraser size across the five array sizes (rhesus monkeys: χ 2 = 35.29, df = 4, p < 0.001; capuchin monkeys: χ 2 = 30.60, df = 4, p < 0.001). For each species, the larger the target array was, the longer monkeys inhibited moving their joysticks, allowing the eraser to grow (Figure  2a ). There was, however, no significant difference between these species with regard to eraser size for any array size (4 targets In Phase 1, the relative effectiveness of monkeys' erasing responses (represented by correlation coefficients between eraser size and trial time) also varied considerably across the five different array sizes ( Figure 2B, Figure 3) . Each species exhibited a significant difference in the effectiveness measure across the five array sizes (rhesus monkeys: χ 2 = 19.022, df = 4, p = 0.001; capuchin monkeys: χ 2 = 28.10, df = 4, p < 0.001). For each species, the larger the target array was, the stronger the (inverse) relationship was between monkeys' eraser size and their total trial time ( Figure 2B ). Note that the difference in correlative strength across array sizes was not the result of different ranges of final eraser sizes, at least for most individuals ( Figure 3) . As with the analysis of eraser size, there was no significant difference between these species' effectiveness scores for any array size (4 targets We found similar results for testing Phase 2. The monkeys' ability or willingness to inhibit using the eraser, thereby allowing it to grow in size and speed, varied considerably across the five different array sizes ( Figure 4A ). Each species exhibited a significant difference in eraser size across the five array sizes (rhesus monkeys: χ 2 = 32.622, df = 4, p < 0.001; capuchin monkeys: χ 2 = 32.0, df = 4, p < 0.001). As in Phase 1, the larger the target array was, the longer monkeys inhibited moving their joysticks, allowing the eraser to grow ( Figure 4A ). There was, however, no significant difference between these species with In Phase 2, the relative effectiveness of monkeys' erasing responses (represented by correlation coefficients between eraser size and trial time) also varied considerably across the five different array sizes ( Figure 4B ). Each species exhibited a significant difference in the effectiveness measure across the five array sizes (rhesus monkeys: χ 2 = 28.533, df = 4, p < 0.001; capuchin monkeys: χ 2 = 19.50, df = 4, p = 0.001). As in Phase 1, for each species, the larger the target array was, the stronger the (inverse) relationship was between monkeys' eraser size and their total trial time ( Figure 4B) . As with the analysis of eraser size, there was no significant difference between these species' effectiveness scores for any array size ( 
Discussion
In our monkey version of the escalating interest task, monkeys of both species learned to inhibit moving the eraser until it had grown in size and speed and therefore better matched the needs of the trial. How large the monkeys allowed the eraser to grow depended strongly on the relative need for a faster and larger eraser, as there was a strong positive relationship between the size of the target array and the size to which the monkeys allowed the eraser to grow. This demonstrated that the task was challenging enough that monkeys didn't always allow the eraser to grow to full size, and it showed that the monkeys were sensitive to the degree of added effectiveness that a larger eraser contributed to different types of trials. This added effectiveness was demonstrated by the relationship between final eraser size and the total time monkeys needed to complete a trial -the larger the target array was, the stronger and more negative this relationship became (and the more effective initially inhibiting moving the joystick was for quickly solving the task).
There was little difference in performance between the two test phases, despite the difference in time required for the eraser to grow to full size. The abovementioned influence of target array size on eraser growth and eraser effectiveness occurred according to similar functions in both test phases. Thus, monkeys seemed equally capable of suppressing an initial joystick response whether the maximum duration of that suppression was 5 or 10 seconds. In the original study (Young et al., 2011) , human participants also were required to inhibit a response for up to 10 seconds to maximize the effectiveness of their eventual response. It was Young et al.'s (2011) intention to create a task built upon parameters that were accessible to nonhuman participants, and the results of the present study support that these parameters were well chosen. However, future studies should extend the duration of inhibition beyond this range to see if, in a presumably more difficult version of the task, human and nonhuman participants continue to perform comparably, or if their performance diverges. Young, Webb, Sutherland, and Jacobs (2013) manipulated delay length in a modified version of the escalating interest task in which a virtual weapon's damage potential required between 5 and 20 seconds to reach its maximum and found that human participants were more sensitive to their choices when the delay length was longest compared to when it was shortest. It would be of interest to test whether nonhuman participants perform similarly when tested with comparable tasks parameters.
In the present study, there was also no difference in performance between the two monkey species. Thus, rhesus monkeys and capuchin monkeys were similarly capable of inhibiting a joystick response for up to 10 seconds, and each species' capacity to do so was similarly influenced by the relative need for a larger eraser. The performances of these monkeys are in line with previous work in which these two species exhibited inhibitory control in other paradigms including delay discounting/inter-temporal choice tasks (e.g., Addessi et al., 2011; Szalda-Petree et al., 2004) , delay of gratification tasks (e.g., Evans & Beran, 2007; , go/no-go tasks (e.g., Watanabe, 1986a, b) , A not B tasks (e.g., Amici et al., 2008; Diamond & Goldman-Rakic, 1989) , and detour tasks (e.g., Amici et al., 2008; . This is not to say that the inhibitory control capacity of these monkeys is unlimited or equivalent to humans or nonhuman apes in all of these categories. Indeed, these monkey species have been outperformed by chimpanzees (Pan troglodytes) and human children in delay of gratification tasks (e.g., Beran & Evans, 2006; Toner & Smith, 1977) , by chimpanzees and bonobos (Pan paniscus) in intertemporal choice tasks (e.g., Rosati, Stevens, Hare, & Hauser, 2007) , and by chimpanzees in a hybrid delay discounting/maintenance task (e.g., Beran et al., in press; Paglieri et al., 2013) . Therefore, future studies should be conducted with this and more difficult versions of the escalating interest task with ape species to elucidate the similarities and differences in inhibitory control capacity in primates more broadly.
